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Inonuyexun I'.1. MaTemMaTHIHe MOJICITIOBAHHS SITIASMIONOTIYHNX Ta KIIHIKO-
nabopaTopHUX MPOsIBIB TyOepKynb03y. — KBamidikaliitHa HayKoBa mpalis Ha rpaBax
PYKOIIUCY.

Hucepramiss Ha 3700yTTS HayKOBOTO CTyNeHs JOKTopa Qinocodii.
Hamionanpauit ynisepcutet "JIbBiBchbKa moJiiTexHika" MiHICTEpCTBO OCBITH 1 HAYKH
VYkpainu, JIsBiB, 2020.

[linrotroBka 3miiicHIOBaIach Ha Kadenpl MNPUKIATHOT MaTeMaTUKH
HanionansHoro yniBepcutery "JIbBiBcbka mosiTexHika" MiHicTepcTBa OCBITH 1
HayKHU YKpaiHH.

CrnemianizoBana Buena paga /[35.052.05 npu HamionansHOMY yHIBEPCHUTETI
"JIbBiBChKa MoniTexHiKa" MiHICTEpCTBA OCBITH 1 HAYKH Y KpaiHHU.

HucepraiiitHa po6oTa mpUCBIYEHA BUPIIICHHIO aKTyaIbHUX HAYKOBHX 33]1a4
PO3pOOKHM MaTeMaTHYHUX MO, MNPUAATHUX IS KIIHIYHOI Bepudikarii
3aXBOpIOBaHHS Ha TyOepKynb03 (Th) 3 ogHoro 60Ky, Ta MoJenel HOro MOMUPEHHS
3aJIeKHO  BiJ TOKa3HUKIB Mepebiry IbOTO  3aXBOPIOBAHHA  (TPHUBATICTH
IHKyOaliiHOro mepiogy, MPHUCYTHICTb PE3UCTEHTHUX HOCIIB  TOINO), Ta
O0COOJNIMBOCTEH apeanqy KOMITAKTHOTO TPOXWBAaHHS I1HIWUBIAIB (30KpeMa, TYCTOTH
3aceneHocTi), 3 iHmoro Ooky. IlocTaBneHi 3aBmgaHHS BUPIIIEHI 3a JIOMIOMOT'OIO
MIIXO/1B, sIKI KOMOIHYIOTh €JIEMEHTH Teopii iIMOBIpHOCTI (popmyna baiieca), Teopii
mudepeHIlialbHUX PIBHAHD Ta METOJIB KOMIT IOTEPHOTO MOJICIIOBAHHS 34
JOTIOMOT'0OI0 KOMIPKOBOTO aBToMaTy. Po3pobiieHi B poOOTI aaropuTMHu KIIiHIYHOI
Bepudikauii Th Ha 0cHOB1 HalliH(OPMATUBHIIINX O3HAK 3aXBOPIOBAHHS M1 ABUIIMIN
IMOBIPHICTh MO0 A1arHOCTYBaHHS sIK MiHIMYM 110 85,2%, 3a pe3yjbTaTaMu TECTIB,
MPOBEICHUX Ha BUOIpIIl nauieHTiB LleHTpy ereneBoro 310poB’s M. JIbBoBa. Moeni

nommpenHs Th, mpoaHami3oBaHi 3 TOYKHA 30py SIK CTAI[lOHAPHUX PO3B’S3KIB



nudepeHIialbHUX PIBHSIHB, K1 OMUCYIOTh KOMIAPTMEHTI MOJENi, TaKk 1 4acoBOi
JUHAMIKM KUIBKOCTI XBOPUX OTPUMAaH1 3a JOMOMOIOK MOJEIIOBAHHS METOJ0M
KOMIPDKOBOT'O aBTOMAary Ha rpadi, M03BOJWIM TJHOMIE 3PO3YyMITH XapakTep
nomupenHa Th Ta mpocTtopoBuil po3noAin 1HPIKOBHUX 1HAMBIAIB 3aJIEKHO BIJ
netaneir mMozenm (1HKyOariiHUN TIepioM, PiBEHb KOHTAKTHOCTI MK I1HAWBIIAMH,
HasSIBHICTb MYJIbTUPE3UCTCHTHUX 30yaHUKIB). CrinabHi puck Th 13 HU3KOIO 1HIIUX
3aXBOPIOBAHb (HASIBHICTh HEIAEHTU(IKOBAHUX XBOPHUX, BIICYTHICTH IMYHITETY
TOIIO) JO3BOJISAIOTH 3aCTOCYBAHHS LBOTO BUAY MOJICIIOBAHHS JJIsl  1HIIUX
3aXBOPIOBAHb OAKTEPI0JIOTIYHOI YK BIpYCHOI MPUPOJIH.

VY mepmomy po3aiii po3risiHyTI KIiHIYHI ocoOiauBocTi mpoTikanHsa Th ta
OCHOBM MOTr0 MAaTeMAaTHMYHOTO MOJENIOBaHHSA. 30KpeMa, OKpEecJIeHO CTaH 13
MOIIMPEHICTIO 1 J1arHOCTUKOIO LOTO 3aXBOPIOBAaHHSA B YKpaiHi, 3 aKIEHTOM Ha
MEPENiKy TMEepPHIOYEProBUX MPOoOJeM, BUOKPEMJICHHI pI3HUX BIKOBUX TpyIl Ta
Kateropiii HacesnaeHHs. JleTanbHO ONMMCcaHi 0COOJMBOCTI MPOTIKAHHS 3aXBOPIOBAHHS
— MOro nepBUHHA 1 BTOPUHHA (POPMHU, HASIBHICTH HEBUSBIICHUX 1H(PIKOBAHUX XBOPHX,
MOIIUPEHHS OaKTEPIOJIOTTYHUX HOCIIB, SIKI HAOyJW PE3UCTEHTHOCTI 10 HAasIBHUX
anTuOioTukiB. Lli ocobGimBocTI B Oe3mnocepenHiil crocid BU3HAYAIOTh METOAM 1
OiAXOAM JO0 MOJCIIOBAaHHS SK MaTeMaTMYHUX MoJened ansid  ePeKTUBHOI
JIarHOCTUKHM 3aXBOPIOBAHHS, TaK 1 MOJEJIeH, M0 OMNUCYIOTh HOro MOLIUPEHHS.
OcranHi 0a3yloTbCcsi Ha 3arajbHUX TUNAX  EMiJEMIOJIOTIYHUX  MOJeNei
(koMIapTMEHTHI MOJIENi, MOJEINI MOIIMPEHHS HAa MEpPEKax, KOMIT IOTEpHI MOJei
TUITy KOMIPKOBUX aBTOMATIB Ta MOJIOHI TOIIO), sIKI MOAU(]IKOBaHI 3 BpaXyBaHHIM
cnerudiku mportikanHs Th. Bkazani mepeBaru 1 HEMOJIKH PI3HUX ITiIXOJIIB
MOJIEITIOBaHHS Ta CIIOCOOM 1X ajamnTallii Ta 3aCTOCyBaHHS.

Y apyromy po3aiii po3po6ieHa mMaremaTudHa mojenb Bepudikamii Th 13
3ay9eHHSIM BHUOIPKH HaiH(GOPMATUBHIMIMX O3HAK JIarHOCTUKH 3aXBOPIOBAHHS,

OTPUMaHUX B Pe3yJbTaTi OOIMMPHOI KIIHIYHOI MpakTuKU. KIIiHIYHI cCUMOTOMHU Ta



7a0opaTopHl MapaMeTpW BJIACTHUBl 3aXBOPIOBaHHIO, pPO30MTO Ha KIIHIYHI,
PEHTI€HOJIOTYHI, MIKpPOOIOJIOTI4HI Ta IMyHHO-010JIOT14HI TPYyHH O3HAK, KOKHA 3
AKOI TPUBHOCUTH 3BAXEHUH BKJIAJ Yy CyMapHUA JIarHOCTUYHUN  Oall.
3anpornoHoBaHa METOAMKA AIarHOCTUKU MEPBUHHOTO 1 BTOPUHHOTO TYOEpKYJIhO3Y,
71030JIMJIa MABUINUTA €QEeKTHBHICTh Bepudikarii 3axBoptoBanHs a0 90.7% mpu
NEPBUHHOMY, Ta 110 85.2% - Mpu BTOPUHHOMY PO3BUTKY CHEM(IYHOTO 3anaieHHs i
3aCTOCOBHA SIK Ha €Tarll MEePBUHHOT MEIUKO-CaHITapHOI JONMOMOTH (TMOJIKIIIHIKA),
TaK 1 B yMOBax mpo(diibHOTO (TPOTUTYOEPKYITHO3HOTO) MEANIHOTO 3aKIady.

VY Tperbomy po3aiji gocnipkeHa KOMIapTMEHTHA MOAeIb SIS (ska onucye
nowmupeHHs Th 13 HeXTOBHO KOPOTKUM 1HKYOAIliitHIM 1epio1oM) Ta ii BiAMOBIIHUK
Ha TeoMeTpuaHOMY Tpadi. OCKUIBKY B pealbHOMY CYCHUIBCTBI KOHTAKTHICTh MIX
IHAMBIJAMU CHJIBHO CTPYKTYypOBaHa Ta (OpPMYye€ T.3B. MEPEKY KOHTAKTIB, BIUIMB
PI3HHX 1HAMBIAIB HAa TOIMIUPEHHS 3aXBOPIOBaHHA Oyje pi3HUM. THMOBI MPUKIAIU
TaKMX MEpEeX — BHIAJKOBa Mepexa, Oe3macimTabHa Mepexka (XapakTepU3yeThCs
HAsIBHICTIO 1H/IMBI/IB 13 BEJIUKOIO KIJIBKICTIO 3B’S3KIB, HANp. MEIWYHI MMPALIBHUKH,
chepa mocCHayr, TMOMIIA), MEPEKa «TICHOTO CBITY» (BHUCOKMH CTYIiHb
B32€MOIIOB’A3aHOCTI CYCIJiB BUOpaHOro iHAMBIAA MK co0Ooro) Ta iH. Kpim Toro,
MOOUIBHICTh 1HIMBIIB IPU3BOJIMTH JI0 IMOSBH JTIOJATKOBHUX CTOXaCTUYHUX KOHTAKTIB
(po6oui 3ycTpivi, TPaHCTIOPT, CynepMapkeT). Yci 11 eeKTH BpaxoBaHO y poOOTi y
HESBHUM crmoci0 — HuigXoMm Bapiaulli pajlycy KOHTAKTHOCTI MDXK 1HAMBIIAMHU.
Po3rnsHyTi SK BHNAAOK, KOJM OCTaHHIA € TOCTIHHMM, TaK 1 BHUIIQJKOBUM 1
00MEXXEHUM 3BEpXY JJIsl KO)KHOTO 1HAMBIJIa B KO)KEH MOMEHT vacy. [lokazaHno, 110
CTaIliOHapHI PO3B’SI3KM audepeHIliaIbHuX PIBHAHD Moneni SIS 13 BUMIAIKOBUM
BUOOPOM pajiiyCy KOHTAKTHOCTI MOXKYTh OyTH 3BEJICH1 O PO3B’A3KIB ITI€T K MOCITI
Ul BUOAAKY TMEPEHOPMOBAHOIO MOCTIMHOIO  KoOe(ilieHTa KOHTaKTHOCTI.
[IpoanarnizoBaHi TaKOXX BJIACTHBOCTI 1 PEKUMHU CTAI[IOHAPHOTO CTAaHYy MO

3aJIKHO BIJ MapamMeTpy, IO KOHTPOJIOE CYKYNHY MEIUYHY 3a0€3MeUeHICTh



cyciniabeTBa cTocoBHO Th (HasBHICTH KIIIHIYHMX JIDKOK, HAsSBHICTH 1 PIBEHb
MIATOTOBKM MEIWYHOTO NEPCOHay, 3ac001B J1arHOCTyBaHHS 1 JiiKiB). OCHOBHa
yBara HaJilJIeHa yMOBaM JIOCSITHEHHS CTAI[lOHAPHOTO CTaHy 13 MOBHUM TI0JI0JIAHHIM
3aXBOPIOBaHHs]. 3aCTOCYBaHHS METOAY KOMIPKOBOTO aBTOMAaTy, 3aJaHOTO Ha
JTBOBUMIPHIN TPATIli, TO3BOJIUIO JAOCTIIUTH MPOCTOPOBUHN PO3MOALT 1H(PIKOBAHUX
1HJIMB1/I1B 1 BUSSBUTH JIEK1IbKA PEXKUMIB X KacTepu3allii (€IMHUN BEIMKUN KI1acTep,
BEJIMKMI Ta HU3Ka JAPIOHUX KIIACTEpiB, BEJIMKA KUIBKICTh JAPIOHUX KJIACTEPIB).
Bucokwuii cTyniHb IpoCcTOpOBOi KiacTepu3allii IHAUBIIIB CIIOCTEPITa€ThCS OIU3BKO
CTAI[IOHAPHOTO PO3B’SA3KY 13 TOBHUM IOI0JaHHSIM 3aXBOPIOBAHHSI.

B yerBepTOMY po3aiji ananmiz y3araJbHeHH Ha BUManok moxem SEIS, sk
KOMITAPTMEHTHOI, TaK 1 HA TeOMEeTpUYHOMY Tpadi, sika onucye nomupeHHs Th 3a
HassBHOCTI HEHYJbOBOIO 1HKyOamiiHoro mnepioay. IIpoTsrom 1poro mepioay
30yaauk Th nepeOyBae B oprani3Mi HEBUSIBJICHUM 1 aKTHBI3YETHCS 32 YMOBH 3POCTY
Horo KoHIeHTpalli (Hamp. Yepe3 NOCTIHHUM KOHTAaKT 13 AaKTUBHO XBOPHUM
iHauBiAoM). TpuBamicTh 1HKYOAIIMHOTO TEPIOAY MOXKE CHJIBHO BapilOBATUCH
3aJIeKHO B1J] TPUBAJIOCTI KOHTAKTY 3 XBOPUM, CTAHOM IMYHHO1 CUCTEMU 1HAMBIIA Ta
IHIIMX YUHHUKIB. B po0OOTI mocmikeH1 0COOIMBOCTI CTAI[IOHAPHOTO CTaHy MOJE1
SEIS 13 TOBHUM TIO/I0JIAHHSM 3aXBOPIOBAHHSI 3@ Pi3HOI TPUBAJIOCTI 1HKYOAIIITHOTO
nepioay Ta KoedilieHTa KOHTAaKTHOCT1 1HAUBIIB. [lopiBHSHHS YacTKH 1H(PIKOBAaHUX
IHAMBIJIB B CTALlIOHAPHOMY CTaHl JJIsl BUMAAKy KOMIIAPTMEHTOI MOJAEINI Ta IS
BUIAJIKY JIOKAJBLHOTO aiTrOpuUTMy 1HGIKYBaHHS, IO OIHUCYETHCS KOMIPKOBUM
aBTOMATOM Ha TPaTIli, IPHU3BEJIO0 J0 ICKUIbKOX BUCHOBKIB. [lo-miepiie, KpUTHUIHE
3HaYeHHS KoeQilleHTa BU3IOPOBHOCTI BUSBUIOCH HE3AJICKHHUM BiJ KoedilieHTa
akTHBaIii 1H(EKIi (mepexia 3 JaTeHTHOI B akTUBHY (a3zy Th) B 000X Bunaakax; mo-
Apyre: 1Ie¢ KPUTHYHE 3HAYCHHS 3aBXAW HWXKYE IS BHUIMAIKY JIOKAJIBHOTO
1H(DIKYBaHHS; MO-TPETE: PIZHUIL MK MK KPUTHYHUMH 3HAYCHHSIMHU JJisi 000X

BUITAQJIKIB BHCOKa 3a MaJIOro Koe(illieHTa KOHTAaKTHOCTI (piaKo3acesieHl perioHw,



BBEJICHHS KAPAHTUHHUX 3aXO0/IiB TOIIO), aJIe CYTTEBO MOHUXKYETHCS MPH M1ABUIICHHI
Koe(ilieHTa KOHTAaKTHOCTI. TakuM YMHOM, BIUIMB JIOKAJIBHOTO XapakTepy nepeaadi
iHpekmii MK I1HIMBIZAaMHW Ha MOXJIMBICT TIOBHOTO MOJONaHHSA 1HMEKIl
HaNCYTTEBINIMI camMe MpU MajguX Koe(ill€HTaX KOHTAKTHOCTI, B MPOTHIICKHOMY
BUITAJIKy OOW/IBA T1IXOIU TaI0Th TOTOXHI pe3ynbTaTh. JlocHiKeHl yMOBU PeIyKITii
moxaem SEIS no moxem SIS. Jlns Bumanky komipkoBoi moxem SELS BHBYEHO
MPOCTOPOBY CTPYKTYPY KJIACTEPIB JATEHTHO- Ta aKTMBHO-1H()IKOBAHUX 1HUBI/IB,
AKa XapaKTEepU3yeEThCs MepudepiiHUM pPO3TAIIyBaHHIM JATEHTHO-1H(PIKOBaHUX
0COOUH y KJIacTepax iH(}IKOBaHUX 1HAMBIAIB. HabnmkeHHs 10 CTallloHapHOTO CTaHy
3a BIJCYTHOCTI 3aXBOPIOBAHHS XapaKTEPHU3Y€ThCS MOPHUCTICTIO KIIAacTepiB, fAKi
HaOyBarOTh (PPaKTAIBLHOI CTPYKTYPH MEPE] TUM, SIK 3SHUKHYTH OCTaTOYHO.

B n’saTromy po3zaiii noOynosana 1 BuBueHa Mozenb SICS, Ik KOMIIapTMEHTHA
TaK 1 Ha TEOMETPUIHOMY Tpadi, SKa y3araabHIOE€ PO3IJISIT HA BUNIAJOK IPUCYTHOCTI
nekuIbKoX BUIIB 30yaHuKIB Th. Lls mpoGiema crae Haa3BUYAHO aKTyaJIbHOIO HE
nuiie B YKpaiHi, a B uimomy cBiTi. [locTtiiiHa MyTanis OakTepioiaoriyHUX 30y IHUKIB
Th Tta iX TpHUCTOCYBaHHA /0 ICHYIOUMX IMpernapaTiB CIOPUYUHSE BUHUKHEHHS
PE3UCTEHTHOCTI SK JI0 OJIHOrO0, TakK 1 [0 JIeKUJIbKOX BHJIIB MpenapariB
(MyITBTUPE3UCTEHTHICTE). B  pe3ynmbrari BUHMKae TmOTpeda 3aCTOCYBaHHS
aHTHUOIOTUKIB BUIIOTO PiBHA (1[0 MOTEHIIHHO MOXYTh CHPUYHHSATH CHJIbHIIII
no0Oi4yHI €(PEeKTH) 1 HAYKOEMKOrO TMOILIYKY HOBUX AHTHOAKTEplaJbHUX XIMIYHUX
cnonyk. Mogens SICS BKkIOYae MOJATKOBUNM THI XBOpHUX, SKI 1H(IKOBaHI
MYJIbTUPE3UCTCHTHUM 30y IHUKOM, TPUIOMY JI0 PO3TJISATY BKIIFOUCHI K MOXKIIUBICTh
KOHBepCii 3BU4aifHOTO 30yHHUKA B MYJIbTHPEC3UCTCHTHUH, HE3aJIC)KHE MOITUPCHHS
000X THMIB ceped MOMyJAlli Ta pi3HA I1HTEHCUBHICTh JIIKYBaHHS/130JIA1111
1H(IKOBAaHUX MYJIBTUPE3UCTEHTHUM Ta 3BUYAHMM 30yaHuKamu. B poborti
BHUKOHAHWM aHaNI3 CTaIllOHAPHUX CTaHIB IIi€l MoAeN 3a pI3HUX 3HAYCHb Il

XapaKTepHUX TNapaMmeTpiB. Tak, g BUMAAKy KoMmapTmeHToi wmojaeni SICS



OTPUMaHO TPU CTAIllOHAPHI CTAHMU: CTaH 13 BIJICYTHICTIO 3aXBOPIOBaHHs (0OuBa
TUIHU 30yTHUKIB ITOJJ0JIAHO); CTaH MOBHOI KOHBEPCIT (MYJIbTUPE3UCTEHTHHI 30y THUK
BUTICHSI€ 3BHYAHUN) Ta CTaH 3a MPUCYTHOCTI 1H(PIKOBaHUX oOOMa THUIAMHU
30yanukiB. OTpuUMaHO aHAMITUYHUA BUpa3 [ YaCTKM  1H(IKOBAHUX
MYJIBTUPE3UCTEHTHUM 30yJHUKOM JI0 3arajbHOro uwucia 1H(QIKOBaHMUX, fKa
MIHIMI3Y€TbCS a00 TOHMXEHHSAM KoedirieHTa KoHBepcli (IMiJABUIICHHS TOHYCY
IMyHHOI CHCTEMH, KOHTPOJIb 32 THUIIOM Ta MPABWIBHICTIO BXXKWUBAHHS MPHUIHUCAHUX
mpemnapariB), ab0 TOCHJICHHSM I1HTEHCHBHOCTI JIIKYBaHHS/130JIs1ii 1H(IKOBaAaHUX
MYJIbTHPE3UCTEHTHUM 30y THUKOM. 3alpOIIOHOBaH1 KOMOIHAIllT TapaMeTpiB MOJIEed,
SK1 TafOTh MOKJIUBICTh MMOHU3HUTH KUTBKICTh HE3aJICKHUX 3MIHHUX 13 YOTUPHOX JI0
JIBOX 1 TO3BOJIAIOTH Bi3yalli3yBaTH CTalllOHapHI cTaHu Mojeni Ha 3D rpadiky. s
BuUnaaky mojeni SICS 13 1okanbHUM 1H(IKyBaHHSIM Ha rpadi Ta OMUCOM MOLIUPEHHS
Th 3a mOmMOMOror KOMIpPKOBOTO aBTOpPMAaTy OIMCAaHI XapaKTepHI IPOCTOPOBI
mabJIoHn KJacTepiB 1HGIKOBAHUX PI3HUM THUIIOM 30YJIHUKA Yy PI3HUX pEKUMAX,
JOCHIDKEHa JWHAMIKa pyXy CHUCTEMH JO CTalllOHapHOTO CTaHy Ta pIBEHb
MPUCYTHOCTI MeTacTaOlIbHUX KJIacTEPiB 1HTUBITIB 1H(pIKOBaHUX
MYJIBTHPE3UCTCHTHUM 30y THUKOM.

PoGota mae sk 3aranbHO-METOAOJOYIYHWN, TaK 1 MPUKIATHUNA ACHEKTH.
[lepuii monsirae y aHaii3i TPbOX THIIB €MIAEMIONOTIYHUX MOJENEH, JB1 3 SAKUX
BiiHOCHO 3aranbHi: SIS, SEIS, a tpetsi: SICS po3pobiieHa B poOOTi 3 ypaxyBaHHSIM
ocobmmBoctei momupenas Th. YV koxxHOMy BUTIQJKy aHa3 BUKOHAHHUM SIK IS
KOMITAPTMEHTHOT ~ peaiizaiii  Mojeli, 13  BHUKOPUCTaHHAM  BUIMOBITHUX
audepeHiadbHIX PIBHSAHB, Tak 1 Ui 11 peamizarmii Ha rpadi y BUAI KBagpaTHOI
IPaTKH 13 OMHMCOM BHUIIAJKY JIOKAJIBHOTO 1H(IKYBaHHS 332 JOMOMOIOI0 alTOPUTMY
IpaTKOBOro aBToMary. Mojeni 1 iX aHadi3 MOXYTbh OyTH BUKOPUCTAHI ISl OMUCY
MOIIMPEHHS 3aXBOPIOBaHb 3 MOMIOHMMH BIACTHBOCTSIMH. [IpuUKiamHuii acrexkT

noJisirae 'y po3poOIll aaropuTMy JlarHOCTYBaHHA Yy marieHta Th Ha OCHOBI



IIUPOKOTO CIEKTPY BIJOMUX NEPBUHHUX Ta BTOPUHHUX O3HAK, SIKUI POTECTOBAHO
Ha BUOIpLI MAaLI€HTIB 1 BUKOPUCTOBYETHCS y KIIIHIYHIA mpakTull y JIbBIBCBKOMY

IEHTP1 JIETEHEBOTO 3/I0POB 4.

KitodoBi cnoBa: TyOepKyip03, MOJIe1 KIiHIYHOT Bepudikairii, ermi1eMionoris,

KOMIPKOBHUI aBTOMAT, KOMIT FOTEPHI1 CUMYJIALIT, MyJTbTUPE3UCTEHTHICTb.
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The thesis is centered around solving important scientific problems of
developing mathematical models, that, on one hand, are suitable for clinical
verification of the tuberculosis (TB) disease, and, on another, predict its spread
depending on a set of characteristics (duration of the incubation period, presence of
resistant carriers, etc.), as well as the details of populated area (e.g. population
density). These tasks are solved by employing the approaches that combine the
elements of the probability theory (Bayes formula), theory of differential equations,
and methods of computer modelling using the cellular automaton algorithm. The
algorithms for clinical verification of TB, developed in this work, are based on the
most informative indications of this disease. This led to the increase of the TB
diagnostic probability up to 85.2%, according to the tests undertaken on the set of
patients in Lviv Lung Health Centre. The TB spread models are analyzed both via
stationary solutions of the differential equations, related to respective compartmental
models, and via temporal dynamics of the number of infected individuals on a graph,
given by the cellular automaton algorithm. This allowed for better understanding of
the peculiarities of the TB spread and the spatial patterns of infected individuals
depending on the model parameters (incubation period, contact rate, the presence of

multi-drug-resistance carriers). The features of TB that are common with the other



diseases (the presence of unidentified infected individuals, the absence of immunity,
etc.), allow for application of this modelling technique for other diseases of either a
bacteriological or virus nature.

First section provides the description of the clinical characteristics of the TB
and the basics of its mathematical modelling. In particular, the current situation with
the spread and diagnostics of TB in Ukraine is outlined, emphasizing on the list of
the first priority problems and suggesting split of the whole population into various
groups based on their age and other characteristics. Such features of the TB disease
as: its primary and secondary form, abundance of unidentified infected individuals,
emergence of bacteriological carriers resistant to the known antibiotics, are described
in details. These features affect directly the selection of methods and approaches that
are suitable for mathematical modelling of both effective diagnostics of TB and of
its spread. The latter are based on general types of epidemiology models
(compartment models, spread on networks models, computer models of the cellular
automaton type and similar, etc.), modified according to the TB specifics. The pros
and cons of various approaches to modelling and the ways of their adaptation and
usage are pointed out.

In the second section, mathematical model for verification of TB infection in
a patient is developed, based on the set of most typical indications, collected as the
results of vast clinical experience. Clinical indications and laboratory parameters
typical to the disease, are split into: clinical, X-ray, microbiological and immune-
biological groups of indications, and each provides its weighted contribution into the
total diagnostics mark. Suggested method for diagnosis of the primary and secondary
TB led to an essential increase in verification probability: up to 90.7% for the primary
and up to 85.2% for the secondary type of specific inflammation. It can be applied
both on the stage of the first aid (in general clinics), and in the specialized TB

hospitals.



The SIS compartment epidemiologic model (which describes the spread of TB
with negligibly short incubation period) and its counterpart, defined on a geometric
graph, are studied in the third section. As far as the real society is characterized by
highly structured set of contacts, forming the so-called social network, the effect of
different individuals on the spread of the disease will differ. Typical examples of
social networks are: random network, scale-free network (with the presence of
individuals with huge number of contacts, e.g., medical staff, service, police), the
“small-world” network (with the high level of contacts between the neighbors of a
chosen individual) and so on. On a top of that, there are additional stochastic
contacts, related to mobility of individuals (work meetings, transport, supermarket).
All these effects are taken into account in this work implicitly: by variation of the
transmission radius between individuals. Both the cases of constant transmission
radius throughout the system, and the random one, for each individual at each time
instant, are considered. It is shown that the stationary solutions of the differential
equations of the SIS model with random transmission radius can be reduced to the
ones with the renormalized constant transmission radius. The properties and regimes
of the stationary state of the model as functions of the recovery rate are also analyzed.
This parameters controls current total medical capability of population with respect
to TB (the presence of hospital beds, the presence and training level of medical staff,
the diagnostic tools and required pharmacy). Main emphasis of the study is on the
conditions for reaching the disease-free stationary state. The use of the cellular
automaton approach, defined on a two-dimensional lattice, allowed to examine the
spatial distribution of infected individuals, and to find several regimes of their
clusterisation (a single large cluster, one large and several small clusters, large
number of small clusters). The near disease-free state is characterized by the highest

level of clusterization of infected individuals.



In section four, the analysis is generalized to the case of the SEIS model, both
in its compartment form and when defined on a graph. It described the spread of TB
with the non-zero incubation period. During this period, the TB carrier resides in the
body unidentified, and then are activated upon the increase of its concentration (e.g.,
as the result of a constant contact with actively infected individual). Incubation
period duration may vary essentially and depends on the length of the contact with
actively infected individuals, the state of an immune system of particular individual
and other factors. The work focuses on the effect of the incubation period duration,
recovery rate and contact rate between the individuals on the properties of the
disease-free stationary state. Comparison for the fraction of infected individuals in
the stationary state between the cases of a compartment model and for the local
infecting algorithm described via cellular automaton on a lattice, led to several
conclusions. Firstly, the critical value for the recovery rate turned to be independent
on the activation (transformation from the latently to actively infected state of TB)
rate in both cases. Secondly, this critical rate is always lower for the local infecting
case. Thirdly, the difference between the critical values in both cases is large for the
case of low contact rate (low density populated areas, quarantine measures, etc.) and
decreases essentially upon the increase of the contact rate. Therefore, the local nature
of a transmission between the individuals affects the possibility of reaching the
disease-free state most crucially at low contact rate, whereas at high values of the
latter both approaches lead to the same results. The conditions for the reduction of
the SEIS models into the SIS one are also considered. For the lattice realization of
the model, the spatial structure of the clusters of infected individuals (both latent and
active), is examined. It is characterized by peripheral arrangement of latently infected
individuals with respect to the clusters of actively infected ones. The clusters became
more porous and have a fractal structure when the system is about to reach the

disease-free stationary state.



The SICS model, both in a compartmental form and defined on a geometric
graph, is developed and studied in the fifth section. It extends analysis of the TB
spread to the case when several types of carriers are present. This problem became
very apparent, and not only in Ukraine, but worldwide. Constant mutation of the
bacteriological carriers of TB and their adaptation to widely used medicals, cause
the emergence of their single- or multi-drug resistance. As the result, one needs to
bring into clinical practice antibiotics of the second- and higher levels (that may be
prone to more severe side effects), and employ scientifically demanding search for
new chemicals to serve as antibiotics. The S/CS model includes additional type of
individuals: those infected via the multi-drug resistant carrier. The model includes
both the possibility for the conversion of the ordinary carrier into a multi-drug
resistant one, independent spread of both carriers among the population, and variable
curing rate (or isolation) of those infected by a multi-drug resistant carrier. The
stationary states of this model are analyzed at various values for the model
parameters. In particular, three stationary states for the S/ICS model are found: the
disease-free state (both variants of the disease disappear); the full conversion state
(the multi-drug resistant carrier completely suppresses the ordinary one); and the
state with the presence of both types of carriers. The analytic expression is obtained
for the fraction of the infected via multi-drug resistant carrier to the total number of
infected individuals. According to this expression, it can be minimized either by
reduction of the conversion rate (improving natural immunity, control over the
prescribed routine for medication), or by intensification of healing/isolation of those
infected via multi-drug resistant carrier. The use of suggested combinations of the
model parameters allows one to reduce the number of independent variables from
four to two and to build the 3D plot with visualization of the stationary states. The
SICS model with local infectivity on a graph and its spread dynamics defined via

cellular automaton, is examined for the spatial patterns of infected individuals in



various regimes. The dynamics of the system towards the stationary state is studied,
and the level of the presence of metastable clusters of individuals, infected via multi-

drug resistant carrier, is examined.

The work covers both the aspects related to general methodology and these of
practical applications. The former is ensured by the analysis of three types of
epidemiology models, two of them, SIS and SEIS, are relatively general, whereas the
third, SICS, is developed in this work to take into account typical features for the TB
spread. For each model, the analysis is performed both for its compartmental
realization, using the differential equations, and when defined on a graph in a form
of a square lattice, with the local disease spread dynamics given by the cellular
automaton algorithm. All models, and their analysis, may be used for the description
of other diseases with similar characteristics. Practical application aspect is ensured
by development of the TB diagnostics algorithm, based on a wide set of known
primary and secondary indications. It is tested on a set of patients and is used in
clinical practice in Lviv Lung Health Centre.
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